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Summary
Objective: Meniscal tears detected using magnetic resonance imaging (MRI) have been identiﬁed as a risk factor for the development and
progression of Osteoarthritis, however the prevalence and signiﬁcance of meniscal tears in healthy, asymptomatic adults remains to be stud-
ied. We investigated the prevalence of meniscal tears in a healthy pain free population of post-menopausal women and whether meniscal
tears in this population are associated with changes in cartilage volume and defects and tibial plateau bone area over 2 years.
Methods: Fifty-seven post-menopausal women underwent MRI of their dominant knee at baseline line and approximately 2 years later to as-
sess meniscal tears, cartilage volume, cartilage defects and tibial plateau bone area.
Results: Forty-six percent of women had a meniscal tear in either the medial and/or lateral compartment. Women who had a tear were older
(P ¼ 0.01) and had more lateral cartilage defects (P ¼ 0.02). Medial meniscal tear was associated with 103 mm2 greater tibial plateau bone
area within the medial [95% conﬁdence of interval (CI) 6.2, 200.3; P ¼ 0.04] and a lateral meniscal tear with a 120 mm2 greater area within the
lateral compartment (95% CI 45.5, 195.2; P ¼ 0.002).
Conclusion: This study demonstrates that meniscal tears are common in asymptomatic post-menopausal women and that they become more
common with age. Meniscal tears were also associated with greater tibial plateau bone area but not cartilage volume, providing support to the
hypothesis that tibial plateau bone changes occur before signiﬁcant pathological changes in cartilage. Whether increased tibial plateau bone
area predisposes to an increased risk of degenerative meniscal tears or whether it is a consequence of altered biomechanical forces in relation
to meniscal tear will need to be determined.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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268magnetic resonance imaging (MRI) have been identiﬁed as
a risk factor for the development and progression of OA1,2.
Previous studies examining meniscal tears have mainly
been performed on osteoarthritic populations or in popula-
tions that have undergone meniscectomy1e7. These studies
have linked tears in the meniscus to loss of articular carti-
lage and progression of symptomatic knee OA1e3,6,8. How-
ever, there has been only one study examining the
relationship between meniscal tear and knee structures in
healthy individuals9. In this cross-sectional study, which
consisted of a predominantly non-osteoarthritic population,
meniscal tear prevalence was found to be associated with
higher cartilage defect scores, less tibial cartilage volume
and increased tibial bone area9. However, in this study,
269Osteoarthritis and Cartilage Vol. 16, No. 2meniscal tears were mainly present in those with knee pain
and/or radiographic OA. Thus, the prevalence and signiﬁ-
cance of meniscal tears in healthy, asymptomatic adults
remain to be studied. In the present study, we therefore
investigated the prevalence of meniscal tears in a healthy
pain free population of post-menopausal women and
whether meniscal tears in this population are associated
with changes in cartilage volume and defects and tibial pla-
teau bone area over 2 years. We report that meniscal tears
are common in asymptomatic post-menopausal women,
increase with age and are associated with greater tibial
plateau bone area.MethodsSUBJECTSThe population for this study has been previously described10. In brief,
post-menopausal women aged over 50 years were recruited through private
consulting clinics and advertising in the media. Exclusion criteria were in-
ﬂammatory arthritis, previous knee joint replacement, malignancy, fracture
in the last 10 years, and any contraindication to MRI.DATA COLLECTIONAt baseline, participants completed a questionnaire to obtain demo-
graphic information. Weight was measured to the nearest 0.1 kg (shoes,
socks and bulky clothing removed) using a single pair of electronic scales.
Height was measured to the nearest 0.1 cm (shoes and socks removed)
using a stadiometer. Body mass index (BMI) (weight/height2, kg/m2) was
calculated. Pain, stiffness, and function of the knee were assessed using
WOMAC (Western Ontario and McMaster University OA Index)11.MRI AND THE MEASUREMENT OF CARTILAGE VOLUME
AND CARTILAGE DEFECTSTable I
Characteristics of subjects with and without baseline meniscal tear
Meniscal tear
present (n¼ 34)
No meniscal
tear (n¼ 40)
P value
Age (years) 58.8 (6.0) 55.5 (4.3) 0.01
Height (m) 1.65 (0.07) 1.63 (0.07) 0.3
Weight (kg) 71 (13.6) 69 (12) 0.51
BMI (kg/m2) 26.1 (5.0) 26 (4.5) 0.9
Prevalence of meniscal tear*
Medial 27 (36%)
Lateral 16 (22%)
Cartilage volume (ml)
Medial 1580 (328) 1493 (274) 0.2
Lateral 2004 (456) 2068 (337) 0.47
Tibiofemoral cartilage defects prevalence*
Medial 27 (36%) 29 (39%) 0.5z
Lateral 22 (30%) 15 (20%) 0.02z
Tibiofemoral cartilage defect scorey
Medial 2 (1e6) 2 (1e4) 0.33
Lateral 2 (1e8) 1 (0e3) 0.03
2MRI was performed on the dominant knee as previously described12 at
baseline and 2 years later. The following sequence and parameters were
used: a T1-weighted fat suppressed three-dimensional (3D) gradient recall
acquisition in the steady state; ﬂip angle 55; repetition time 58 ms; echo time
12 ms; ﬁeld of view 16 cm; 60 partitions; 512 (frequency direction, superiore
inferior) 512 (phase encoding direction, anterioreposterior) matrix; one
acquisition, time 11 min 56 s. Sagittal images were obtained at a partition
thickness of 1.5 mm and an in-plane resolution of 0.31 mm 0.31 mm
(512 512 pixels).
Medial and lateral tibial plateau cartilage volumes were determined by
image processing on an independent workstation using the Osiris software
(Geneva, Switzerland) as reported previously12,13 at baseline and 2 years
later. The cartilage volumes of the tibial plateaus were performed by man-
ually drawing disarticulation contours around the cartilage boundaries. The
coefﬁcient of variations (CVs) for the medial and lateral tibial cartilage vol-
umes were 3.4% and 2.0%, respectively13. Medial and lateral tibial bone
areas were determined by creating an isotropic volume from the input im-
ages that were reformatted in the axial plane and directly measured from
these images at baseline and 2 years later. Areas were directly measured
from these images by manually outlining the bone surface excluding osteo-
phytes. CVs for medial and lateral tibial bone areas were 2.3% and 2.4%,
respectively13. Tibiofemoral cartilage defects were graded on the MR im-
ages with a classiﬁcation system that has been previously described14 at
baseline and 2 years later. Cartilage defects were graded based on depth
as follows: grade 0, normal cartilage; grade 1, focal blistering and intra-car-
tilaginous low-signal intensity area with an intact surface and bottom; grade
2, irregularities on the surface or bottom and loss of thickness of less than
50%; grade 3, deep ulceration with loss of thickness of more than 50%;
grade 4, full-thickness cartilage wear with exposure of subchondral bone.
Intra-observer reliability (expressed as intra-class correlation coefﬁcient
[ICC]) was 0.8514.Tibial bone area (mm )
Medial 1790 (212) 1672 (180) 0.01
Lateral 1146 (122) 1053 (129) 0.002MENISCAL TEAR ASSESSMENTMean and SD unless noted. P value for two-tailed t test except
where noted.
*Number (%).
yMedian and range.
zChi-squared.Meniscal tears were assessed in the sagittal view and conﬁrmed in co-
ronal and axial views as previously described2,5,9 at baseline. The presence
of a tear was based on the presence of a signal, which was line shaped,
brighter than the dark meniscus, and reached the surface of the meniscus
at both ends. The intra- and inter-reader correlation coefﬁcient ranged from
0.86 to 0.96 for the meniscal tears5.STATISTICAL ANALYSESDescriptive statistics for the characteristics of the study subjects were
tabulated. Paired samples t tests were used for the comparison of means.
Chi-squared analysis was used to compare the prevalence of cartilage de-
fects between those with and without meniscal tears. The annual change of
cartilage defect score was assessed for normality prior to linear regression
techniques being used to explore the possible factors affecting annual
change in tibiofemoral cartilage defect score. The severity of OA was ad-
justed for by including baseline cartilage volume and tibial bone plateau
area within the regression model15. A P value of less than 0.05 (two-tailed)
was regarded as statistically signiﬁcant. All analyses were performed using
the SPSS statistical package (standard version 14.0, SPSS, Chicago, IL,
USA).Results and discussion
Eighty-one participants entered the study. Meniscal tear
measurements were performed for 74 participants at base-
line and 57 participants completed the follow-up at 2
years. The characteristics of the baseline population are
provided in Table I. There were no signiﬁcant differences
in age, BMI, baseline cartilage volume and defects, tibial
plateau area and meniscal tears between those who com-
pleted the study and those lost to follow-up (data not
shown).
Forty-six percent of post-menopausal women had a
meniscal tear in either the medial and/or lateral compart-
ments, with 36% having a medial and 22% having a lateral
meniscal tear. Nine women had a tear in both the medial
and lateral compartments. Those with meniscal tears
were older, but had similar BMIs, had signiﬁcantly higher
lateral tibiofemoral defects (P¼ 0.02), lateral tibiofemoral
defect scores (P¼ 0.03) and tibial plateau bone area at
both medial and lateral compartments (Table I). Interest-
ingly, after adjusting for confounders only the relationship
between the presence of meniscal tear and baseline tibial
plateau bone area persisted (Table II). Medial meniscal
270 M. L. Davies-Tuck et al.: Meniscal tear and increased tibial plateau bone area in womentear was associated with 103 mm2 greater tibial plateau
bone area within the medial (P¼ 0.04) and a lateral menis-
cal tear with a 120 mm2 greater area within the lateral
compartment (P¼ 0.002). A trend towards a negative
association in the lateral compartment between meniscal
tear and cartilage volume was also found (P¼ 0.07)
(Table II). The cross-sectional relationship between menis-
cal tears and osteophytes was also examined, however,
no signiﬁcant association was seen (data not shown).
There was no signiﬁcant association between the pres-
ence of a meniscal tear and change in tibial cartilage vol-
ume, tibial plateau bone area and tibiofemoral defects
over 2 years (Table II). However, in the medial compartment
there was a trend towards the presence of medial meniscal
tear at baseline and an increase in medial tibiofemoral de-
fect score over 2 years (P¼ 0.08).
This study demonstrates that meniscal tears are com-
mon in asymptomatic post-menopausal women and that
they become more common with age. Meniscal tears
were also associated with greater tibial plateau bone
area but not osteophyte severity, and trends between
prevalence of meniscal tear at baseline and decreased lat-
eral cartilage volume as well as with the progression of the
tibiofemoral cartilage defects over 2 years were also
found.
Our ﬁnding that meniscal tears are present in asymptom-
atic individuals and become more common with increasing
age is consistent with a previous study conducted in
a largely non-osteoarthritic population9. However, our prev-
alence of 46% is lower than that reported for the previousTable I
Associations between meniscal tear at b
Univariate analysis P valu
At baseline
Cartilage volume (ml)
Medial 100.5 (43.6, 244.6) 0.17
Lateral 151 (362, 61.2) 0.16
Tibiofemoral defects (yes/no)
Medial 2.44 (0.7, 8.4) 0.16
Lateral 2.71 (0.83, 8.8) 0.097
Tibial bone area (mm2)z
Medial 106 (11.2, 201.3) 0.03
Lateral 115.8 (45, 186) 0.002
Annual change over 2 years
Cartilage volume (ml)
Medial 4.65 (27, 36.3) 0.77
Lateral 20.9 (75.5, 33.5) 0.4
Tibiofemoral defect score
Medial 0.04 (0.2, 0.25) 0.7
Lateral 0.2 (0.6, 0.2) 0.4
Tibial bone area (mm2)
Medial 16.9 (35.7, 1.7) 0.07
Lateral 8.6 (16, 33.2) 0.5
*Difference in cartilage volume (ml) if meniscal tear is present compared
yOdds ratio for tibiofemoral defects being present where a meniscal
volume.
zDifference in tibial bone area (mm2) if meniscal tear is present compa
xAnnual change in tibial cartilage volume (ml) if a meniscal tear is prese
baseline cartilage volume.
kAnnual change in tibiofemoral defect score if a meniscal tear is prese
age, BMI, baseline cartilage volume and baseline cartilage defect score.
{Annual change in tibial bone area (mm2) if meniscal tear is present c
BMI and baseline tibial bone area.cohort, where 72% of individuals had tear at any site. On
the other hand, when medial and lateral compartments
are looked at separately, data are similar in that, in our
study, a prevalence of 36% is found in the medial and
22% in the lateral compartment compared to 19e40%
and 21e44% having meniscal tears in the medial and lat-
eral compartments, respectively9. The higher prevalence at
any site could be explained by the fact that in the previous
study9 about half of the individuals were the adult offspring
of individuals who had undergone a knee replacement for
primary knee OA. Furthermore 61% of those with meniscal
tears had knee pain and 23% radiographic OA9. Moreover,
in the present study, meniscal tears were found to be as-
sociated with greater tibial plateau bone area and a trend
towards an increase in cartilage defects over the 2 years
was observed, which is consistent with the study by Ding
et al.9. In contrast, our study also showed a negative asso-
ciation with lateral cartilage volume. It may be that a menis-
cal tear leads to altered walking gait and possibly reduced
loading on cartilage which is required for cartilage health.
Alternatively, it may be that reduced cartilage volume leads
to greater forces on the meniscus during walking leading to
a tear. However, longitudinal studies examining incident
tears and changes in cartilage volume would be required
to assess which change happens ﬁrst.
This study thus provides support to the hypothesis that
tibial plateau bone changes occur before signiﬁcant patho-
logical changes in cartilage. The question that remains is
whether increased tibial plateau bone area predisposes to
an increased risk of degenerative meniscal tears or whetherI
aseline and change over 2 years
e Multivariate analysis P value
62 (75.5, 199)* 0.4
204 (422, 147)* 0.07
2.9 (0.8, 10.6)y 0.11
2.4 (0.7, 8.3)y 0.2
103 (6.2, 200.3)z 0.04
120 (45.5, 195.2)z 0.002
6.1(35.8, 23.6)x 0.7
17.1 (71.9, 37.7)x 0.5
0.15 (0.02, 0.32)k 0.08
0.02 (0.2, 0.2)k 0.9
10.6 (29.1, 7.8){ 0.25
18.7 (7.7, 45.2){ 0.2
to where one is absent after adjusting for age, BMI, and bone area.
tear is present after adjusting for age, BMI and baseline cartilage
red to where one is absent after adjusting for age and BMI.
nt compared to where one is absent after adjusting for age, BMI and
nt compared to where one is absent at baseline after adjusting for
ompared to where one is absent at baseline after adjusting for age,
271Osteoarthritis and Cartilage Vol. 16, No. 2it is a consequence of altered biomechanical forces in rela-
tion to meniscal tear.Conﬂict of interest
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